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(54) A circuit and a method for monitoring and diagnosing an oxygen probe 



(57) A circuit for monitoring and diagnosing an oxy- 
gen probe (2) provided with a sensitive cell (3) connect- 
ed between a first and a second signal tennlnal (6, 7), 
and a heating member (10) connected between a bat- 
tery (1 1 ) and a heating terminal (12); the circuit compris- 
es an interface stage (15) and a control unit (16). The 
interface stage (15) comprises a first resistor (20) con- 
nected between a switch (21) which is normally open 



and a supply line at a icnown potential (22) and the first 
signal temninal (6), a second resistor (23) connected be- 
tween the first signal tenrtlnal (6) and a second signal 
temiinal (7) and a third resistor (24) connected between 
the second signal terminal (7) and a reference potential 
line. The control unit (16) further comprises a first ana- 
log-digital converter (26) connected to the first signal 
temninal (6) and a second analog-digita) converter (27) 
connected to the second signal temninal (7). 



O 
00 
LO 

CO 



Q. 

LU 




Printed by Jouve. 75001 PARIS (PR) 



1 



kP 1 134^580 A1 



2 



Description 

[0001] The present invention relates to a circuit and a 
method for monrtoring and diagnosing an oxygen probe. 
[0002] As is Icnown, Internal combustion engines are 
provided with systems for exhaust gas reduction, based 
on the information provided by oxygen probes (the so- 
called LAMBDA probes), and electronic control units 
whose tasks include, among other things, minimising 
emissions of pollutant substances and verifying, with the 
assistance of appropriate circuits, the connect operation 
of the various components, In particular the oxygen 
probes. These probes nomnally comprise a sensitive cell 
having an internal resistance and providing a voltage 
signal whose amplitude varies as a function of the oxy- 
gen concentration present in the atmosphere In which 
the sensitive cell is immersed, and a heating member, 
for instance formed by a resistor, which makes it possi- 
ble to maintain the temperature of the sensitive cell with- 
in a predetermined range of operating values, for In- 
stance between approximately 600^C and approximate- 
ly BOO'C. 

[0003] Various types of circuits and relative methods 
for monitoring and diagnosing oxygen probes are 
known. 

[0004] According to a first solution, a resistor having 
a known resistance value is disposed in series with the 
heating member, while a differential amplifier detects 
the voltage drop at the resistor and supplies a control 
unit of the electronic control unit with an output signal 
representative of this voltage drop. According to the so- 
lution described above, the output signal of the differen- 
tial amplifier is digitised and is used to calculate, in a 
manner known perse, the current flowing in the resistor 
and in the heating member and to regulate, for instance 
by means of a controller of proportional-Integral type, 
the power dissipated by the latter. The control unit, ver- 
ifies, moreover, whether the current is maintained within 
a predetennlned range of operating values. If not, a mal- 
function of the heating member is detected. 
[0005] A second solution entails the use of a differen- 
tial amplifier having inputs connected to the tenninais of 
the sensitive cells and an output connected to the con- 
trol unit. In this case, a cun-ent Is Injected into the probe 
In order to estimate its internal resistance which is linked 
to the temperature of the probe according to a known 
relationship. The temperature of the probe may be ad- 
justed again using a controller of proportional-integral 
type. 

[0006] Although the solutions described above are 

accurate and reliable, they nevertheless entail draw; 

backs as they make use of costly circuits, in particular 

as a result of the differential amplifier and, In the first 

case, also of the shunt resistor. 

[0007] The object of the present invention is to provide 

a circuit for monitoring and diagnosing an oxygen probe 

which is simple and economic to construct. 

[0008] The present invention therefore relates to a cir- 



cuit for monitoring and diagnosing an oxygen probe, 
- provided with a sensitive cell, connected between a first 
and a second signal temninal, and a heating member, 
connected between a battery and a heating temiinal, the 

5 circuit comprising an interface stage and a control unit, 
this interface stage comprising a first resistor connected 
between a supply line and the first signal terminal of the 
oxygen probe, a second resistor connected between the 
first signal tenninal and the second signal tenmlnal of the 

^0 oxygen probe, the circuit being characterised in that the 
control unit comprises first analog-digital converter 
means connected to the first signal temiinal, and a sec- 
ond analog-digital converter means connected to the 
second signal temiinal, and in that the interface stage 

15 comprises a third resistor connected between the sec- 
ond signal tenmlnal and a reference potential line. 
[0009] The present Invention also relates to a method 
for monitoring and diagnosing an oxygen probe, as de- 
fined in claim 5. 

20 ipOlO] The Invention is described in further detail be- 
low with reference to a prefemed embodiment thereof, 
giving purely by way of non-limiting example, and made 
with reference to the accompanying drawings, in which: 

25 Fig. 1 is a simplified electrical diagram of a monitor- 
ing and diagnosis circuit of the present invention, 
Figs, 2 and 3 are flow diagrams relating to a moni- 
toring and diagnosis method of the present Inven- 
tion. 

30 

[001 1 ] In Fig. 1 , a circuit for monitoring and diagnos- 
ing an oxygen probe 2 is Indicated by reference numeral 
1. 

[0012] This oxygen probe 2 comprises a sensitive cell 

35 3, shown by means of a voltage generator 4, supplying 
a probe voltage Vg, and an internal resistors, having an 
internal resistance value R,^, connected together in se- 
ries and disposed between a first and a second signal 
temiinal 6, 7. respectively having a first and a second 

40 signal voltage , Vg, and a heating member 1 0, shown 
by a resistor connected between a battery 11 , supplying 
a battery voltage VQ^ypp. and a heating terminal 12 of the 
oxygen probe 2. The difference between the first and 
the second signal voltage V^, Vg, moreover, represents 
an output voltage of the oxygen probe 2. 
[0013] The monitoring and diagnosis circuit 1 com- 
prises an interface stage 1 5, a control unit 16, a diagno- 
sis resistor 1 7 and a drive switch 1 8, fomied for instance 
by a transistor of MOS type, disposed between the heat- 

50 ing temiinal of the oxygen probe 2 and earth. 

[001 4] The interface stage 1 5 comprises a first resis- 
tor 20 having a first tenminal connected to the first signal 
temiinal 6 of the oxygen probe 2 and a second terminal 
connected, via an interface switch 21 which is nomnally 

55 open (for instance a transistor of MOS type), to a supply 
line 22 supplying a supply voltage Vcc, a second resis- 
tor 23 connected between the first and the second signal 
terminals 6, 7, and a third resistor 24 disposed between 
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the second signal tenminal 7 and earth . The first, the sec- 
ond and the third resistor 20, 23, 24 moreover have re- 
spective first, second and third resistance values R ^ Rg. 
Rg. 

[0015] The control unit 1 6, formed by a microproces- 
sor of a type Icnown per se, comprises a first and a sec- 
ond analog-digital converter 26, 27 respectively con- 
nected to the first and the second signal temninals 6, 7 
of the oxygen probe 2 via low-pass fitters 28, 29 (for in- 
stance RC filters of the first order). 
[0016] The control unit 1 6, moreover, has a diagnosis 
input 30, connected to the heating terminal 1 2 of the ox- 
ygen probe 2 via the diagnosis resistor 1 7, a control out- 
put 31 and a drive output 32. 

[0017] In further detail, the control output 31 is con- 
nected to a control tenminal of the Interface switch 21 
and supplies a control signal C, having a first and a sec- 
ond logic value, in correspondence with which the Inter- 
face switch 21 is controlled to open and respectively to 
close. 

[0018] The drive output 32 is connected to a control 
tenminal of the drive switch 18 and supplies a drive sig- 
nal PWM of a square wave type with a variable duty- 
cycle. In order alternatively to control the opening and 
closing of the drive switch 1 8 depending on the ampli- 
tude of this duty-cycle. 

[0019] The monitoring and diagnosis circuit 1 makes 
it possible to measure the internal resistance value Rt^r 
of the sensitive cell 3 in the manner described below 
with reference to Fig. 2. 

[0020] The control signal C is nomially maintained at 
the first logic value. In order to keep the interface switch 
21 open (block 100). 

[0021] The current values of the first and second sig- 
nal voltage V^, Vg, Indicated respectively as V^qff 
V20FF a''© initially acquired (block 11 0), and an Initial out- 
put voltage V^i of the output voltage Vq is cateulated 
(block 120) on the basis of the equation: 



Vxi=VioFF-VaoFF 



(1) 



[0022] Immediately after the acquisition of the cun-ent 
values V^oFF ^20fF* ^"^^ control signal C is set to 
the second logic value (block 130), in order to control 
the closure of the interface switch 21 and to inject a test 
current \j (Fig. 1) and the cun'ent values of the first and 
second signal voltage V^, V2. indicated respectively as 
V^oN and V20N. are acquired for a second time (block 
140). 

[0023] Once these values have been acquired, the 
control signal C Is again set to the first logte value in 
order to re-open the interface switch 21 and reset the 
nomnal operating conditions of the monitoring and diag- 
nosis circuit 1 and of the oxygen probe 2 (block 145). 
[0024] Thereafter, a second output value V;^ of the 
output voltage Vq (block 150) and the value of the test 



cun^ent It (block 1 60) are calculated on the basis of the 
equations:- - - - 



10 



20 



25 



30 



35 



40 



45 



50 



55 



'ion • V20N 



and respectively 



't - V20N ' f^a 



(2) 



(3) 



[0025] If, as a result of a malfunction, there is a dis- 
persion between the second signal tenminal 7 and earth, 
the second signal voltage V2 remains close to a zero 
value in-espective of the state of the interface switch 21 . 
In this case the following equation is used in place of 
equation (3) for the calculation of the test current 



It- 



(3') 



Where Vps is the voltage drop at the tenninals of the 
interface switch 21 when it is closed. This voltage drop 
may be considered constant and is known. 
[0026] The intemal resistance value Rp^ is lastly cal- 
culated (block 170) according to the equation: 



R2lT-(Vx2-V,,) 



(4) 



[0027] Equation (4) may be obtained in the following 
way. The first output value V^^ which is obtained when 
the interface switch 21 is open is given by the relation- 
ship: 



^^i = r;;j7^Vs 



(5) 



[0028] When the interface switch 21 is closed, the out- 
put voltage Vq of the oxygen probe 2 assumes the sec- 
ond output value V;^ given by the expression: 



Vx2=R— TR-Vs + Rplj 

"INT + "2 



(6) 



where Rp is the resistance value of the parallel between 
the internal resistor 5 and the second resistor 23 (Fig. 
1) and can be obtained from the well-known relation- 
ship: 



^ R|NT + ^2 



(7) 
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[0029] Given that the value of the probe voltage 
does not vary in both cases. equations (5)-and (6)-can' 
be combined to given the expression: 

Vx2 = V;^^ + RplT (8) 

from which the foilowing equation is obtained 




(9) 



[0030] Equation (4) can be readily obtained by equat- 
ing the second members of equation (7) and (9) and 
maicing the intemal resistance value R|f^-|- explicit. 
[0031] As shown in Fig. 3, a method for monitoring the 
oxygen probe 2, in particular the temperature T of the 
sensitive cell 3, involves the initial calculation of the in- 
temal resistance value R|nt of the sensitive ceil 3 by 
means of the procedure described with reference to Rg. 
2 (block 200). 

[0032] A current value of the temperature T of the sen- 
sitive cell 3 is then calculated by means of the (icnown) 
reaction that links the temperature T to the intemal re- 
sistance value R|f^ (block 210). 
[0033] Thereafter, by means of a control function of a 
known type (for instance a control function of a propor- 
tional-integral type), the duty-cycle that needs to be pro- 
vided for the drive signal PWM in order to supply the 
heating member 1 0 with the electrical power needed to 
maintain the sensitive celt 3 at the desired temperature 
is calculated (block 220). 

[0034] Lastly, the drive signal PWM, having the previ- 
ously predetemiined duty-cycle, is supplied to the con- 
trol temiinat of the drive switch 1 8 In order to control the 
power dissipated by the heating member 1 0 (block 230). 
[0035] The monitoring and diagnosis circuit 1 makes 
it possible, moreover, to carry out procedures to diag- 
nose any malfunctions of the sensitive ceil 3 and the 
heating member 10. 

[0036] As regards the sensitive cell 3, the cun^ent val- 
ues V,oN and V20N the first and second signal volt- 
ages Vi, V2 acquired during the calculation of the inter- 
nal resistance value Rj^r after the closure of the inter- 
face switch 21 , are used (blocks 1 30 and 1 40 of Fig. 2). 
In particular, if the current value V^q^^ of the first signal 
voltage Is greater than a predetemiined upper 
threshold, the presence of a dispersion between the first 
signal terminal 6 and the supply line 22 is detected and 
signalled. If the cun'ent value V20N second signal 
voltage is lower than a predetermined lower thresh- 
old, the existence of a dispersion between the second 
signal terminal 7 and earth is diagnosed. In this case, 
moreover, a state bit is updated to indicate that equation 
(3*) should be used in place of equation (3) for the cal- 
culation of the internal resistance value R,Krr of the sen- 



sitive cell 3. 

(0037] The operational nature of the heating member 
10 is evaluated by detecting, by means of the diagnosis 
resistor 1 7 and the diagnosis input 30 of the control unit 

5 18, a heating voltage Vh present at the heating terminal 
12 of the oxygen probe 2 (Fig. 1) and comparing it with 
a predetermined reference voltage. In detail, if the heat- 
ing voltage is greater than the predetemiined refer- 
ence voltage even when the drive switch 18 is closed, 

10 a malfunction due to a dispersion between the heating 
temfiinal 12 and the battery 11 is signalled. If, however, 
the heating voltage is smaller than the predeter- 
mined reference voltage, even when the drive switch 1 8 
is open, a dispersion between the heating terminal 12 

15 and earth is signalled. 

[0038] It is possible, moreover, to diagnose a reduc- 
tion of the efficiency of the heating member 1 0 by cal- 
culating the intemal resistance value R,^ which de- 
creases as the temperature T of the sensitive cell 3 in- 

20 creases. For this purpose, it Is verified whether this in- 
temal resistance value Rint continues to remain above 
a threshold resistance value even with a 100% dutynxy- 
de of the drive signal PWM. if so, a malfunction is sig- 
nalled since, even when the maximum power is sup- 

25 plied, the heating member 1 0 is no longer able to main- 
tain the temperature T of the sensitive cell 3 at accept- 
able values. 

[0039] The advantages of the monitoring and diagno- 
sis circuit of the invention are clearly evident from the 
30 above description. 

[0040] In the first place, the differential amplifier con- 
tained In known devices is omitted, providing a substan- 
tial cost advantage. 

[0041] The monitoring and diagnosis circuit 1 is also 
35 very accurate and robust. The possibility of calculating 
the test current IT that is injected makes the measure- 
ment of the intemal resistance value R,Ny of the sensi- 
tive cell 3 accurate and reliable. Moreover, even in the 
case of partial malfunction of the circuit, it is possible to 
40 use an alternative method for the catouladon of the test 
cun^ent 1^ using equation (3*). 
[0042] It will be appreciated that modifications and 
variations may be made to the method described above 
provided that they do not depart from the scope of pro- 
^ tection of the present invention. 



Claims 



^ 1. A circuit for monitoring and diagnosing an oxygen 
probe (2) provided with a sensitive cell (3) connect- 
ed between a first and a second signal temilnai (6, 
7) and a heating member (1 0) connected between 
a battery (11 ) and a heating tenminal (12), the circuit 

55 comprising an interface stage (1 5) and a control unit 
(16), this interface stage (15) comprising a first re- 
sistor (20) connected between a supply line (22) 
and the first signal terminal (6) of the oxygen probe 



4 



7 



£P i 134'S80 A1 



8 



(2), and a second resistor (23) connected between 
the first signal tenminal (6) and the second signal 
temiinai (7) of the oxygen probe (2) , the circuit being 
characterised In that the control unit (1 6) compris- 
es first analog-digital converter means (26) con- s 
nected to the first signal temrtinal (6), and second 
analog-digital converter means (27) connected to 
the second signal temiinai (7) and in that the inter- 
face stage (15) comprises a third resistor (24) con- 
nected between the second signal temiinai (7) and io 
a reference potential line. 



resistor (20). the method comprising the stages of: 

a) calculating an internal resistance value 
(R,,^) of the sensitive cell (200); 

b) calculating a temperature (T) of this sensitive 
cell as a function of this intemal resistance val- 
ue (R,nt) (210) ; 

c) detennining the duty-cycle of a drive signal 
(PWM) (220): 

d) generating the drive signal (PWM) In order 
to drive the heating member (230); 



2. A circuit as claimed in claim 1, characterised In 
that the interface stage (15) comprises Interface 
switch means (21) connected between the first re- 
sistor (20) and the supply line (22) and having a con- 
trol temiinai connected to a control output (31) of 
the control unit (1 6), the control output (31 ) supply- 
ing a control logic signal (C) in order alternatively to 
command the opening and closing of the Interface 
switch means (21). 

3. A circuit as claimed In claim 1 or 2, characterised 
In that the control unit (16) has a diagnosis input 
connected to the heating temiinai of the oxygen 
probe (2). 

4. A circuit as claimed in any one of the preceding 
claims, characterised in that it comprises drive 
switch means (18) connected between the heating 
temiinai (12) and the reference potential line and 
having a control temiinai connected to a drive out- 
put (32) of the control unit (1 6). this drive output sup- 
plying a drive signal (PWM) having a variable duty- 
cycle, in order altematlvely to control the opening 
and closing of the drive switch means (32). 

5. A method for monitoring and diagnosing an oxygen 
probe (2), provided with a sensitive cell (3) connect- 
ed between a first and a second signal temiinai (6, 
7) and supplying an output voltage (V^J, and a heat- 
ing member (1 0) connected between a battery (11) 
and a heating temiinai (1 2), the oxygen probe being 
connected to a monitoring and diagnosis circuit (1 ) 
having an Interface stage (15) and a control unit (1 6) 
comprising first and second analog-digital convert- 
er means (26, 27) connected respectively to the first 
and the second signal temiinals (6, 7), this interface 
stage (1 5) comprising a first resistor (20) connected 
between a supply line (22) and the first signal ter- 
minal (6) and having a first resistance value (R^), a 
second resistor (23) connected between the first 
and second signal tenminals (6. 7) and having a sec- 
ond resistance value (Rg), a third resistor (24) con- 
nected between the second signal tenninal (7) and 
a reference potential line and having a third resist- 
ance value (R3), and interface switch means (21) 
disposed between the supply line (22) and the first 



the method being characterised In that the 

stage a) of calculating the intemal resistance value 
(R|^n-) comprises the stages of: 

a1) canying out a first acquisition (110) of val- 
ues of a first and a second signal voltage (V^, 
V2) present at the first and respectively the sec- 
ond signal terminal (6, 7) when the Interface 
switch means (21 ) are open; 
a2) carrying out a second acquisition (140) of 
values of these first and second signal voltages 
(Vi, V2) when the interface switch means (21) 
are closed. 

6. A method as claimed in claim 5, characterised In 
that the stage a) of calculating the internal resist- 
ance value (R|isn-) comprises the stage of: 

a3) calculating a test cun^ent (Ij) flowing in the 
interface stage when the interface switch means 
(21) are closed. 

7. A method as claimed in claim 6, characterised In 
that the stage a3) of calculating a test current 

is obtained by calculating the test cunent {{j) ac- 
cording to the equation 



In which (V20N) IS the value of the second signal 
voltage (Vg) obtained during the second acquisition 
(140). 

45 

8. A method as claimed in claim 6, characterised in 
that the stage a3) of calculating a test current (IT) 
is obtained by calculating the test current (Ij) ac- 
cording to the equation 

50 




55 in which (Vcc) a supply voltage supplied by the 
supply line (22), (V^qn) is the value of the first signal 
voltage (V^) obtained during the second acquisition 
(140) and (Vqs) Is a voltage drop at the Interface 
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switch means (21) when they are closed. 

9. A method as claimed In any one of claims 6 to 8, 
characterised In that the stage a) of calculating the 
internal resistance value (H^f^) comprises the stag- s 
es of: 

a4) calculating a first output value {yx^) ot the 
output voltage (V;J when the Interface switch 
means (21 ) are open; io 
aS) calculating a second output value (V;^) of 
the output voltage (V^ when the interface 
switoh means (21) are closed. 

10. A method as claimed in claim 9, characterised in is 
that the stage a) of calculating the internal resist- 
ance value (R,^) is obtained by calculating this in- 
ternal resistance value (R|mt) according to the 
equation 



20 



11 . A method as claimed in any one of claims 6 to 1 0, 25 
in which the monitoring and diagnosis circuit (1) 
comprises drive switch means (18) connected be- 
tween the heating temiinal (12) and the reference 
potential line and comprising a control tenninal con- 
nected to a drive output (32) of the control unit (1 6), so 
characterised In that It comprises the stages of: 

e) signalling a malfunction if a heating voltage 
(Vh) present at the heating temninal (12) is 
greater than a predetemiined threshold voltage 35 
and the drive switch means (1 8) are closed; 

f) signalling a malfunction if the heating voltage 
(Vh) is smaller than the predetennined thresh- 
old voltage and the drive switch means (1 8) are 
open. 40 
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